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RESEARCH SUMMARY 


Clearcutting on north- and south-facing slopes in a young mature, mid- 
elevation stand of mixed conifers in north Idaho resulted in substantial snow 
storage gains. The initial gain of 56 percent decreased to 37 percent after 
34 years on the north slope following reestablishment of a new stand and 
later thinning of the 26-year-old sapling stand. Most of the increase was 
associated with savings from interception loss. Spring snowmelt rates also 
decreased gradually on the north slope because of crown-cover density in- 
creases in the new stand and subsequent expansion of shade cast by the 
canopies. On the south slope initial gains in snow accumulation were less 
(37 percent) because of greater winter melt and the greater evaporation/ 
sublimation associated with south-facing clearcuts. In the 34-year study 
period, the new stand reestablished slowly because of brush competition, 
resulting in little if any change in snow accumulation gains or melt rates. 
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INTRODUCTION 


The mixed-species conifer forests of north Idaho, northeastern Washington, and 
western Montana represent the highest major water-producing zone in the interior West. 
Precipitation amounts are high, ranging from 30 to 80 in (76 to 203 cm), with more than 
one-half accumulating in a snowpack from November through April. The removal of tree 
cover by clearcutting in patches, strips, or blocks greatly accelerates the winter 
storage of snow and thus increases the amount of water available to streamflow. 


Augmentation of water yield represents a desirable goal of timber harvest but must 
be carefully controlled to avoid adverse effects on water quality and channel stability. 
To accomplish this goal, Forest Service hydrologists emphasize water quality as timber 
sales are designed, stressing that harvesting in a given watershed must proceed grad- _ 
ually to prevent an imbalance in the streamflow regime. Additionally, when reentering 
a partially logged watershed, the reduction of water yield with vegetative recovery must 
be evaluated before deciding on how much new timber will be harvested (USDA Forest 
Service 1973). Hydrologists in this region presently have very little documented evi- 
dence on the rise and fall of water yield as a timber stand is cut and subsequently 
revegetated. 


Increases in water yield are generally proportional to the reduction in forest 
canopy, as well as to the intensity of partial cutting or percentage of clearcut area 
(Stone 1973). The duration of the yield increase depends on how rapidly roots reoccupy 
the soil and how quickly the canopy is reestablished. Canopy reestablishment directly 
affects snow accumulation. 


Generally, research shows that gains in snow accumulation can be expected to persist 
longer than gains in soil water (Anderson 1969). Increased snow accumulation in lodge- 
pole pine in the central Rocky Mountains will apparently persist for many decades and 
perhaps indefinitely (Gary, in press). In California, soil water gains on level terrain 
were negligible 16 to 20 years after clearcutting (Zeimer 1964). 


In a recent study in north Idaho, soil water gains on a steep south-slope clearcut 
disappeared within 4 years after the climax understory brush reoccupied the area (Cline 
and others 1977). In the same study, soil water increases were present for at least 
5 years on a north-slope clearcut because herbaceous plants reinvaded and dominated the 
clearcut early in the recovery period, although the deeper-rooted brush was making rapid 
inroads by the fifth year. By extrapolation of the data, it would appear that the 
north-slope soil water gains would approach zero earlier than the 16 to 20 years observed 
in the California study. In contrast, on both the north and south clearcuts no downward 


trend in snow accumulation gains was evident 5S years after harvest (Cline and others 
OT Nic 


This paper reports changes in snow accumulation gains on another site clearcut 
34 years ago in the same general area. A paired-plot comparison was made between the 
clearcut and an adjacent stand of mature timber. Records were obtained periodically 
beginning with the second year and ending with the 34th year after harvest. 


“we ‘aelbaote sinbapaibeion “tall aie + ih, crea 
>) teas an xk sea. prren erierry BiG Seed yee: 
es eae ae ces se ge OT). ah 04, 4h Beret at ee Sikod: sony 
“Whee 0 GaGa AT DeiGal iuela seellmmanel ie ‘Beith Gi 

7 Teh ed, bn De Si ee a vb ee ie hd te abies ¥ be be . 

; Ape or ai into me ‘a esti an mi . } bd Ra ‘t : 


vokber ae tonne ae ate 


are hid ower: ‘seins: Me pany) wit memerady. hee nese autaie, * aa . bianca | 
be idea: sdeattiggl 7 Ketes grip: ~"oAGe ae etosit ie erty a i ae a 0 hts teres. oy 
as haircut te Yeh lain Peehawl, nap eatin ¢farqabomband woivent teeta lang ‘gee deelg@eove «Ff 
ee Beas pone ‘wreaioan) iene weet Hea i Te. peat eae Sih ee Be ee 

ie Sipe atiee: ely, ey ig os lbs. eae ed ‘wel tang ese. ad, wi suede 

7 dau pete eH 5 Sli al eh mot ok oe YW noLteubat ead a dendeonig tate bn. Qi leleres. a 
fm re, eee ee Coma. Sik VEneKS watt oem wall! 9m, Hae y ewe th beteuleve. od. 
bia daaoneoeve ait i edie ine qiemeerag aolger wad, ab escigotosnelr efbSet rey ae 
Mod remiepad cheng: ier ae mt cl Radiat Me a8 ptety Raw i nied rime wet are Ws Fans 
RE ey Saas Meme i Da oc nan oe ea seins), eany jbott be al fit 


a8 . 


(5) ued One onder sai daaaeial pit eer omy Welasaleny wn’ lane! dudes re sosebeseT. 
ll” Se feels te Seastesaag 0 aia: tekrrer: bey siete pi? de ue bigw oR wiggrige 
ren adais ylbkgat, wor He abientiod sapeiunt bhaly ait: to ek TeNeaty ad? (aes aise 
arbi Caandeh ) Ebla ae geet Seyi van idectnews Ss hall i aeree ons: ypu! ‘wool Sata ‘bie. odo _ 
av one : ole Ome hee gd seliattira an wees " aroget 
ira i ® ‘7 lot veto cot | arse: ned es ty hele we, een: “i deel: Huse lien’ ileihdie: et eifaiatea ? ; 
opi, fe MerTul yaar we names tree el biome Lye MM. eat. fivdid te yw A. 
ee a a a ) bd Minka. SEK 
i? ews ie Fgh ok a wate hos at amit ta) 2 | 2 aetees fh oi ics 


it 5 
uy 


biarie mis ee ots sana, minis oe eens a eng a. wr re (ae wei ihidje. thas sa oh be.” 
. aha NE > Slt cae hu ha Ree Li 


a nt OF et Eat,” . 


SILVICULTURAL HISTORY 


The study site was located in the Benton Creek drainage of the Priest River Experi- 
mental Forest (PREF). In 1940 a strip clearcut, 330 ft (101 m) wide was extended from 


the ridge on the south side of Benton Creek and up the opposite slope to the ridge on 
the north side of Benton Creek (fig. 1 §& 2). The clearcut was harvested with a conven- 


tional "jammer" cable system: slash from the cutting operation was hand piled and burned. 


Original timber on the north slope consisted of young mature western redcedar 
(Thuja pltcata Donn), western hemlock (Tsuga heterophylla [Raf.] Sarg.), western white 
pine (Pinus monticola Dougl.), grand fir (Abtes grandis [Dougl.] Forbes), and western 
larch (Lartx occidentalis Nutt.). The south slope was stocked with young mature timber 
of three species--ponderosa pine (Pinus ponderosa Laws.), Douglas-fir (Psuedotsuga 
menztestt var. glauca [Beissn.] Franco), and western white pine. 


Benton Creek Watershed 
Priest River Experimental Forest 
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Figure 1.--Benton Creek watershed, Priest River Experimental Forest. 


1Graham, R. T. 1976. Silvicultural prescription, stand 20-1-24, Priest River 
Experimental Forest, Idaho Panhandle National Forests. Unpubl. rep., on file at 
Forestry Sciences Lab., Intermt. For. and Range Exp. Stn., Moscow, Idaho. 
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Natural reproduction on the north-slope strip clearcut, hereafter referred to as 
the ''vegetative recovery plot,'' was well established by 1945. A species survey 20 years 
later showed 3,320 stems per acre, consisting of 60 percent western redcedar and 20 per- 
cent western hemlock. Heights of most saplings ranged from 10 ft (3 m) to over 15 ft 
(4.6 m). The south face quickly brushed over and as a consequence, the present stand 
is poorly to fairly well stocked with stems of the three original species (fig. 3). 


Figure 2.--Telep 


hoto view of stri 
eleareuts, March-April me f 
A. North-facing slope. B. 
South- facing slope. 


A 1967 thinning operation on the north slope showed grand fir, western redcedar, 
western larch, and western hemlock favored at 200, 400, and 800 trees per acre. The 
snow-sample study conducted on the vegetative recovery plot favored western redcedar at 
400 trees per acre or an average spacing interval of 10x10 ft (3x3 m). The silvicul- 
tural prescription calls for thinnings in 1985, 2005, and 2025, with the final harvest 
in 2045.! No silvicultural treatment is planned for the south slope. 


PHYSICAL ENVIRONMENT 


The climate of the Experimental Forest is predominantly under the influence of the 
Pacific Ocean. Winter storms bring most of the annual precipitation in the form of 
snow. At the plot elevation (3,500 ft or 1,067 m), the estimated average annual preci- 
pitation was 33 to 36 in (84 to 91 cm). At this elevation, thaws are common throughout 
the winter; hence, the peak snow water equivalents measured from March 1 to April 1 
underestimate the total winter snowfall. 


Slope gradients on the north slope average 52 percent; on the opposite slope, 
S58 percent. For information on geomorphology and soils and complete data of the bio- 
logical environment, the reader is referred to R. T. Graham's report. ! 


METHODS 


In 1942 snow courses were established on the west half of the vegetative recovery 
plot and extended into an adjoining forest plot (fig 1). Snow depth and snow water 
equivalents (W.E.) were initially taken with a Mt. Rose snow tube and. later, with a 
federal-type snow sampler. Measurements began at approximately the time of maximum 
accumulation and continued about weekly through the melt period. This was repeated for 
13 seasons on the north slope and 6 seasons on the south slope from 1942 through 1974. 


The spacing and number of sample points and the location of snow courses changed 
during the study period as a result of amendments to the original study objectives 
(table 1). In 1967, the earlier courses were switched to the opposite side of the 
vegetative recovery plot (fig. 1). Because of expected differences in snow conditions 
between the east and west recovery-forest boundaries, measurements taken in the vicinity 
of the border zone were eliminated from the analyses. Data from the sample points for 
each year were averaged. 


Table 1.--Snow course stations (number and approximate spacing in feet) 


North-face ; South-face 
Strip : 3 Strip 
Year : clearcut : Timber : clearcut : Timber 
1942 5-30 5-30 5-30 5-30 
1949-52 9-20 6-20 8-20 7-20 
1967-73 3-50 2-50 
1974 3-50 2-50 3-50 2-50 
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The structure of timber on the forest control plot was assumed to have changed over 
the 34-year evaluation period. To test this assumption, a time-trend analysis was 
performed, including climatic data recorded at the PREF headquarters station (elevation 
2,380 ft [725 m]). Data for the vegetative recovery plot were similarly analyzed to 
determine if vegetation had recovered enough to have affected snow accumulation and 
melt. In other tests, water-equivalent changes in the snowpack over time were compared 
using regression techniques. 


PEAK SNOW ACCUMULATION 


Harvesting Effect 


On the north slope, the removal of the young mature timber resulted in average snow 
W.E. gains in the vegetative recovery plot of 7.6 in (19.3 cm) for the period 1942 
through 1952 (table 2). This was the period of early stand reestablishment and develop- 
ment (fig. 2). The average yearly gains compare favorably with those of 6.6 in (16.8 cm) 
measured in a narrower strip (200 ft [61 m]) cut in mature-overmature cedar-hemloci- 
white pine 1,000 ft (305 m) higher in elevation (Haupt, in press). Most of the snow 
accumulation increase was the result of snow caught in dense canopies that would have 
evaporated/sublimated had the trees not been harvested. Another portion of the increase 
was probably the result of wind eddy-forest edge effect during storms, and a fractional 
increase was perhaps due to slower winter release of water from the snowpack in the 
opening compared with the forest (Haupt 1972, in press). Gains on the recovery plot 
are shown in figure 4. 
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Figure 3.--Aertal view of strtp clearcut taken May 1966 (arrows denote study plots). 
A. WNorth-facing slope before thinning. B. South-factng slope. 
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Figure 4.--Snow W.E. gatns on recovery plot, north slope. 


Water equivalent gains on the south slope recovery plot (fig. 3) averaged a yearly 
increase of 3.0 in (76 cm)--only 39 percent of that on the opposite slope (table 2). 
The measured gain in 1974 was slightly greater on the south-slope plot than the average 
for 1942 through 1952 (fig. 5). These plot gains are about twice those observed at 
a higher-elevation clearcut of similar size, shape, and slope, though with greater 
exposure to wind and energy input (Haupt, in press). 


Physical processes are more severe on the south slope than on the north. However, 
a porous, less dense tree cover does allow more snowfall to filter through to the ground, 
and, in addition, sustained wind, often very gusty, tends to blow snow off the canopy 
and onto the ground below. As a consequence, less canopy-held snow is evaporated/ 
sublimated. 
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Figure 5.--Snow W.E. gatns on recovery plot, south slope. 


Once timber is cleared, the south slope opening presents an even more hostile 
environment for conserving snow. Subjected to considerable wind scouring, increased 
winter melting, and greater surface evaporation/sublimation, the clearing registers a 
smaller net increase in snow W.E. than a comparable opening on a north slope. 


Climatic and Vegetative-Recovery Trends 


On the north slope a greater depth of snow W.E. was measured in the recovery plot 
during the 1942 to 1952 period than in the interval from 1967 to 1974 (fig. 6). The 
levels or intercepts of the two regressions are significantly different (P<=0.04). This 
may be interpreted as a time-dependent decrease in snow W.E. gains. The curves lie well 
above the "100 percent recovery" line, a theoretical point in time when the structure of 
the timber on the recovery plot approximates that of the surrounding forest. 


The apparent downward trend was tested by adjusting for year-to-year variations 
in winter precipitation and mean winter temperature (measured at headquarters station). 
Results of the test after including a time-trend variable are presented in table 3. 


Clearcut, Natural Regeneration, unthinned, poorly stocked, dense bru 
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Table 3.--Time trend analyses by step-wise regression, north slope 


Snow characteristic/ : ; B 3 : : Probability 
lot Variable value R2 : F : F 


Peak snow accumulation 


Forest Intercept 39.1890 0.534 
Winter 
temperature! -1.3382 6.20 0.03 
Winter 
precipitation* 0.3709 Syaslal 0.11 
Time trend? -0.0405 0.16 0.70«rejected 
Recovery Intercept 47.4722 (OTA 
Winter 
temperature -1.3828 9.44 0.01 
Winter 
precipitation 0.4521 6.60 0.03 
Time trend -0.1512 En) O)ealat 
Spring snowmelt rate 
Forest Intercept -1.2085 0.654 
Spring 
temperature’ 0.0353 NS ha 0.01 
Time trend -0.0016 0.50 0.50+rejected 
Recovery Intercept -1.7558 0.874 
Spring 
temperature 0.0527 ZO oT 0.001 
Time trend -0.0078 11.68 0.01 


1Mean daily temperature for 5 months, November through March. 

2Total precipitation for 5 months, November through March. 

3Increasing numerical value with years since 1940 harvesting (i.e., 1941--1, 
1974--34). 

*Mean daily temperature for period beginning on day of peak snow accumulation 
and ending with day of snow disappearance on forest plot. 


For the forest plot, the winter temperature coefficient was negative, indicating a re- 
duction in peak W.E. associated with warm, thawing winters. The time-trend variable 
was unimportant, suggesting that change in the structure of the unmanaged forest from 
young mature to mature over 34 years of record had no detectable effect on peak snow 
accumulation. 


On the recovery plot, the two climatic variables responded in the same manner 
(table 3). However, the negative time-trend coefficient was accepted as important 
(P<=0.11). Apparently the managed, sapling stand was effecting a gradual reduction in 
peak W.E. unexplained by winter temperature or precipitation input. The gradual decline 
resulted probably from increases in interception loss associated with the expanding 
canopies and slightly greater winter release of water from the snowpack. An earlier 
Study conducted near the headquarters station revealed that individually weighed sapling 
trees (Douglas-fir and western white pine) will lose by evaporation to the atmosphere 4 
to 5 percent of the total snowfall (Satterlund and Haupt 1970). 
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Under south-slope conditions, as shown in figure 6, the positive slope coefficient 
(>1.00) denotes greater differences between forest and recovery plots in winters with 
heavy snowfall. 


Was there a trend on the south-slope recovery plot? The measurement taken in 1974 
lies within the 90 percent confidence band that was calculated based upon the variance 
about the individual value. Apparent lack of trend, if indeed this was the case, was 
not unexpected since the reestablishment of the new stand was progressing slowly. There 
were less than 100 trees per acre (<40 trees/ha) on the recovery plot. 


SPRING SNOWMELT RATE 


North Slope 


Spring snowmelt rates were determined for the recovery plot by dividing the accumu- 
lated snowmelt--up to the time snow disappeared on the forest plot--by the number of 
days elapsed. For the forest plot, total snowmelt equaled the value shown for the peak 
W.E. Average rates by year are listed in table 2. 


The regression curves (fig. 7) show much faster snowmelt on the recovery plot 
from 1942 to 1952 than from 1967 to 1974. The suggested downward trend was supported 
by results of the time-trend analyses (table 3). We expected the spring temperature 
coefficient to be positive and highly correlated with snowmelt. Again, the time-trend 
variable under forest conditions was unimportant. In the 34-year period, changes in 
melt rate were apparently associated only with deviations in spring temperature. 


For the recovery plot, the analysis revealed a highly significant negative time- 
trend coefficient (P<=0.01). The occurrence of slight gradual decreases in snowmelt 
rate in recent years was entirely independent of temperature rise and fall. The thinned 
sapling stand--growing taller and enlarging its crown area each year--was apparently 
acting as a barrier to wind movement and was casting an ever-expanding shadow to shade 
the snowpack, thus effecting a gradual reduction in average melt rate. 


Of special interest in figure 7, the 1967 to 1974 regression curve is plotted 
slightly beneath the 100-percent recovery line. After 34 years, the managed, sapling 
stand had recovered with melt rates equal to or slightly reduced from those associated 
with the residual mature timber. Crown-cover density in 1974 was estimated to be 0.22, 
compared with the mature forest figure of 0.80. Similar relations between crown-cover 
density and snowmelt on the north slope were reported by Packer (1971). The rate of 
snowmelt at his site decreased as crown-cover density tnereased from zero to 0.25, but 
then tnereased from 0.25 to 1.00. Experimentation conducted in the central Sierra 
Nevada with radiation instruments supports Packer's empirical results (U.S. Army 
Engineers 1956). 


South Slope 


Snowmelt rates were consistently greater in the recovery plot for the six measure- 
ment periods (table 2). The lack of sampling data precludes clear evidence regarding 
trend. Because reductions in peak W.E. did not appear, we might not expect measurable 
change in melt rate. The lack of trend (not statistically tested) appears borne out by 
the 1974 data point, plotted within the 90 percent confidence band (fig. 7). 
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SUMMARY AND CONCLUSIONS 


A study of the changes in snow accumulation and melt following timber harvest was 
conducted in a young mature-mature stand of cedar-hemlock-white pine in north Idaho. 
On the steep north slope, the immediate response to clearcutting was a 56 percent 
increase in peak snow W.E., most of which was associated with savings from interception 
loss. This pattern persisted until the new stand became established. After 26 years, 
a thinning of the untouched sapling stand reduced stems from 3,320 to 400 per acre 
(1,344 to 162 stems per hectare). Thirty-four years after clearcutting, a downward 
trend in peak snow W.E. was evident, although the overall increase remained a substan- 
tial 37 percent. 


Based on the current trend, the gains will probably continue to diminish until the 
next thinning, scheduled for 1985. Reduction in crown-cover density at that time 
should reverse the trend and bring about a brief upswing in snow W.E. gain. The sequen- 
tial pattern of decline followed by brief rise should be repeated, though in declining 
magnitude, at the time of commercial thinning in 2005 and again in 2045. By the end of 
the 100-year rotation, the managed stand should be accumulating more snow than an 
unmanaged stand of comparable age. 


On the steep south slope, clearcutting resulted in a smaller peak snow W.E. in- 
crease of 37 percent. This average gain persisted after 34 years--even though the new 
stand was being slowly established. The silviculture plan called for no thinning, and 
unless the stand is thinned in the foreseeable future the gains will eventually decline. 


Spring snowmelt ratés were accelerated after clearcutting on the north and south 
slopes by 45 percent and 44 percent, respectively. After thinning the new north slope 
stand, melt rates declined over the years as crown-cover density increased the amount 
of shade. By the end of the evaluation period, melt rates were fully recovered and in 
fact were slightly less than those in the residual mature timber. Based on findings of 
other research we conclude that the minimum melt rate has been nearly reached in the 
sapling stand and will gradually increase as the crown-cover density approaches 1.00. 
The low melt rates provide the advantage of delayed snow disappearance, and should delay 
infiltration and subsurface flow to the stream channel at the time when bank-full vol- 
umes would be hazardous to channel stability. 


On the south slope, the progress of stand reestablishment (unthinned) was proceed- 
ing slowly because of brush competition. Reduction of the high melt rate was not 
detected. Maintaining a pattern of accelerated melt rate is desirable in south slope 
clearcuts. First, it represents a practical hydrologic method for rushing melt water 
out of the system before high flows of other subdrainages in the watershed collect and 
contribute to the peak runoff. Second, the early disappearance of snow from south slope 
openings exposes browse forage sooner and at a time when most needed by big game. 
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Montana State University) 
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University) 

Missoula, Montana (in cooperation with 
University of Montana) 

Moscow, Idaho (in cooperation with the 
University of Idaho) 

Provo, Utah (in cooperation with Brigham 
Young University) 
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